A general synthetic strategy for the preparation of pyrrolidines, piperidines and their unsaturated analogs is described, which involves intramolecular cyclization of α-sulfinyl carbanions onto the carbonyl group of the readily prepared N-phenylsulfinylpropyl-or N-phenylsulfinylbutylamides, followed by reductive desulfurization or sulfoxide elimination of the resulting cyclized products.
Introduction
N-Heterocycles occur in many interesting classes of compounds, for example, naturally occurring substances, pharmaceuticals, polymers, electronic materials, and sensors. In particular, pyrrolidine and piperidine derivatives are present in a large number of physiologically interesting natural products. 1 As a result, a considerable number of synthetic approaches to pyrrolidines and piperidines have been reviewed 2 and the search for alternative, general, and convenient procedures for their synthesis is still desirable. As part of our research program on the synthetic utility of cyclization based on α-sulfinyl carbanions for the preparation of 1-azabicyclic compounds, [3] [4] [5] we report a general route for the preparation of pyrrolidines and piperidines starting from simple amides.
Results and Discussion
The pyrrolidine and piperidine derivatives 5-6 were prepared according to the synthetic analysis outlined in Scheme 1, which involves N-alkylation of secondary amides with 1-bromo-3-phenylsulfanylpropane or 1-bromo-4-phenylsulfanylbutane, and oxidation of the resulting adducts to the corresponding sulfoxides followed by α-sulfinyl carbanions-mediated cyclization, The required starting sulfoxides 3 (n = 1 or 2) were prepared in good yields by treatment of the secondary amides 1 with 1-bromo-3-phenylsulfanylpropane or 1-bromo-4-phenylsulfanylbutane, using NaH as a base in N,N-dimethylformamide (DMF) at 0 ºC followed by oxidation of the resulting sulfides 2 with NaIO 4 in aqueous methanol at 0 ºC to room temperature overnight. The results are summarized in Table 1 .
Having the starting sulfoxides in hand, we explored the intramolecular cyclization, exploiting compound 3a as a model substrate. In preliminary experiments, treatment of the sulfoxide 3a with 1.0 or 1.2 equivalents of lithium hexamethyldisilazide (LiHMDS) in THF at -78 o C followed by slowly warming to room temperature overnight (12-16 h) led to a low yield of the expected cyclized product 4a. The starting sulfoxide 3a still remained, as revealed by thinlayer chromatography and 1 H NMR analyses of the crude product. It is worth mentioning that the obtained cyclized product 4a decomposed slowly upon standing, or purification on silica gel. To circumvent the decomposition problem, the crude material after the cyclization step was immediately subjected to reduction, employing NaBH 4 in methanol. A good yield (66%) of phenylsulfinylpyrrolidine 5a was obtained when 2.0-2.2 equivalents of LiHMDS were employed for the cyclization step, followed by reduction of the initial cyclized product 4a with NaBH 4 in methanol at room temperature. By performing the sequential cyclization and reduction reaction under the same reaction conditions as for 5a, the phenylsulfinylpyrrolidines 5b-d and piperidines 6a and b were prepared in moderate to good yields from the corresponding starting sulfoxides 3b-d and 3e-f, respectively, as summarized in Table 1 . It is worth noting that the phenylsulfinylpyrrolidines 5a-d and phenylsulfinylpiperidines 6a-b, in all cases, were obtained as a mixture of diastereomers. A maximum of four diastereoisomer was expected from those possess three chiral centers and their stereochemical outcomes can be explained as shown in Scheme 2. It was believed that the iminium ions A readily formed under protic conditions. Subsequent reduction by sodium borohydride gave 5a-d and 6a-b. Since the hydride anion can access the iminium ion from both the top-and the bottomface of the iminium ions, this resulted in the formation of diastereomeric products of 5 and 6. Having established the efficient access to pyrrolidine and piperidine core units, we envisioned that the presence of the phenylsulfinyl group in compounds 5 and 6 makes them useful for further synthetic manipulation. The preparation of pyrrolidines 7 and piperidines 8 as well as their unsaturated analogs 9 and 10 from compounds 5 and 6 were demonstrated. Thus, reductive cleavage of the phenylsulfinyl group of 5a was carried out by treatment with an excess of nickel boride (Ni 2 B) 6 in methanol at 3-5 ºC, affording pyrrolidine 7a in 68% yield (Table 1, entry 1) . Similarly, reductive desulfurization of 5b-c and 6a-b gave the corresponding pyrrolidines 7b-c and piperidines 8a-b in 60-70% yields as summarized in Table 1 (entries 2-3 and 5-6). It was observed that further reductive cleavage of the carbon-nitrogen bond of pyrrolidines 7b and 7c occurred to give the corresponding ring-opening products N-pentylaniline 11a and Nheptylaniline 11b in 14 and 15% yields, respectively. The formation of both compounds arose presumably by the hydrogenolysis of the initially formed 7b and 7c via a mechanism as proposed in Scheme 3. Finally, the pyrrolidines 5a, 5d and piperidines 6a-b were subjected to sulfoxide elimination conditions (toluene, reflux), leading to the corresponding unsaturated derivatives 9a, 9b and 10a-b in 65-76% yields as shown in Table 1 (entries 1, 4, 5 and 6).
Conclusions
Cyclization based on α-sulfinyl carbanions is shown to be a useful, general strategy for the preparation of substituted pyrrolidines and piperidines, and their unsaturated analogs, starting from simple amides.
Experimental Section
General. 
Sulfoxide 3. General procedure
To a suspension of NaIO 4 (1.1 equiv) in 2:1 of MeOH : H 2 O (~0.5 M) at 0 ºC, was slowly added a solution of 2 (1 equiv) in MeOH (~0.67 M). The resulting mixture was stirred vigorously and slowly warmed up from 0 ºC to room temperature overnight. The precipitates of NaIO 3 were filtered and washed with EtOAc (3 x 50 mL). The combined organic mixtures were washed with H 2 O, brine and dried (anhydrous Na 2 SO 4 ). Filtration followed by evaporation gave a crude product, which was purified by column chromatography (silica gel) to provide an analytically pure product. Pyrrolidine sulfoxides 5 and piperidine sulfoxides 6. General procedure To a cooled (-78 ºC) solution of hexamethyldisilazane (2.4 equiv.) in THF (~0.3 M) under an argon atmosphere, was added n-BuLi (2.2 equiv.). After stirring at -78 ºC for 30 min, a solution of compound 3 (1 equiv.) in THF (~0.5 M) was added dropwise. The resulting mixture was slowly warmed up from -78 ºC to room temperature overnight (15 h). The resulting red solution was quenched with H 2 O (10 mL) and extracted with EtOAc (3 x 50 mL). The combined organic extracts were washed with H 2 O, brine, dried (anhydrous Na 2 SO 4 ) and filtered. The filtrate was evaporated to yield a viscous oil of a crude product which was directly subjected to reduction by using NaBH 4 . To a solution of the crude product in MeOH (~0.25 M) at 3-5 ºC under an argon atmosphere, NaBH 4 (5.73 equiv) was gradually added over 15 min. The mixture was stirred for 2 h at the same temperature before it was diluted with 1 N NaOH (20 mL) and H 2 O (100 mL). The resulting mixture was extracted with EtOAc (3 x 100 mL). The combined organic extracts were washed with brine and dried (anhydrous Na 2 SO 4 ). Filtration followed by evaporation afforded a crude product as a mixture of diastereomers which was further purified by column chromatography (silica gel). 1,2-Diphenyl-3-(phenylsulfinyl)pyrrolidine (5a). Compound 3a (1.2841 g, 3.54 mmol) was employed to produce the title compound. Column chromatography (40% EtOAc-hexanes) gave three fractions (F 1 , F 2 and F 3 ) of 5a. F 1 (Isomer A, less polar): (0.2083 g, 17%; a white solid of a single isomer of 5a; mp 136-137 ºC after crystallization from EtOAc-hexanes). 1 
N-Phenyl-N-(3-phenylsulfinylpropyl)benzamide (3a

1-Phenyl-3-phenylsulfinyl-2-propylpyrrolidine (5c).
Compound 3c (1.2801 g, 3.80 mmol) was employed to produce the title compound. Column chromatography (30% EtOAc-hexanes) gave three fractions (F 1 , F 2 and F 3 ) of 5c. F 1 (less polar): (0.5292 g, 44%; a white solid of a pure isomer of 5c; mp 107-109 ºC after crystallization from EtOAc-hexanes). 1 
1-Benzyl-2-phenyl-3-(phenylsulfinyl)pyrrolidine (5d).
Compound 3d (2.6514 g, 7.03 mmol) was employed to produce the title compound. Column chromatography (50% EtOAc-hexanes) gave two fractions (F 1 and F 2 ) of 5d. F 1 (less polar): (1.2828 g, 50%; colorless needles of a pure isomer of 5d; mp 146-148 ºC after crystallization from EtOAc-hexanes). 1 1,2-Diphenyl-3-phenylsulfinylpiperidine (6a). Compound 3e (2.8425 g, 8. 12 mmol) was employed to produce the title compound. Column chromatography (40% EtOAc-hexanes) afforded three fractions (F 1 , F 2 and F 3 ) of 6a. Methyl-1-phenyl-3-phenylsulfinylpiperidine (6b). Compound 3f (1.6013 g, 5 .08 mmol) was employed to produce the title compound. Column chromatography (20% EtOAc-hexanes) gave three fractions (F 1 , F 2 and F 3 ) of 6b. F 1 (lees polar): (0.3139 g, 21%; a white solid of a pure isomer of 6b; mp 121-122 ºC after crystallization from EtOAc-hexanes). 1 Unsaturated derivatives 9 and 10. General procedure A solution of compound 5 or 6 in dry toluene (~0.05 M) was refluxed under an argon atmosphere overnight. After cooling to room temperature, the resulting solution was concentrated to give a crude product, which was further purified by radial chromatography (silica gel). 1,2-Diphenyl-2,5-dihydro-1H-pyrrole (9a). Compound 5a as a mixture of isomers (0.1730 g, 0.49 mmol) was employed to produce, after radial chromatography (100% hexanes), compound 9a (0.0704 g, 65%; pale yellow liquid 1,2-Diphenyl-1,2,3,6-tetrahydropyridine (10a) . 12 Compound 6a as a mixture of isomers (0.2013 g, 0.55 mmol) was employed to produce, after radial chromatography (100% hexanes), compound 10a (0.0983 g, 76%; pale yellow oil 
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